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[57] ABSTRACT 

A variable rate near perfect rectangular matched filter 
is provided with a low pass filter coupled to the input 
symbol data stream. The output of the filter is coupled 
to a sampler and the output of the sampler is coupled to 
an analog to digital converter to provide digital samples 
indicative of the data stream at a time occurring be- 
tween input data symbols. The output of the analog to 
digital converter is applied to a digital adder which has 
a filter correction input factor to adjust the output of the 
digital adder so that the digital samples approximate 
very closely the output of a perfect rectangular 
matched filter. 
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VARIABLE HATE HFrTANPiTi AH MATnnyn ?^^°f ^ converter. The output of the analog to 

VAKlABLE RATE OCTANGULAR MATCHED digital converter is appUed to a digital adder which has 

vu^itiH a fiitCT compensation factor input to provide a highly 

BACKGROUNnoFTWPmvPMxrriM * M»«rate matched fdter output usable sample from the 

BACKGROUTTO OF THE INVENTION 5 digital adder which may be utilized by different types of 

L Field of the Invention utilization devices. 

It is a principal object of the present inventioii to nnr*.^ 

provide a variabk rate recumgularmtched filter. More DESCRIPnON OF THE DRAWING 

particularly, it is an object of the present invention to . FIG. 1 is a block diagram of the basic elements which 

provide a filter with a sampled output that closely rep- are employed to demonstrate an analog perfect rectan- 

rcsente the mtregal of the input between samples and is gular matched filter for purposes of explaining the mode 

S * environment in place of a perfect of operation of the present invention and for comp^ii- 

mfitehedfUtw. son to the present invention matched filter; 

^ DesOTption of Prior Art FIG. 2 is a block diagram of a digital variable rate 

Heretofore several different types of circuits were 15 near perfect rectangular matched mier of the present 

employed for increasing the signal to noise ratio of invention; ^ 

Such integrate and dump circuits are recognized to be 

basically analog devices and are designed to accommo- DESCRIFIION OF THE PREFERRED 

date a fixed data rate. 25 EMBODIMENT 

Another form of substitute for a perfect matched j» c . ^ , 
filter is known as a himped element filter which em- ^/f^f.^^^^ to FIG. Ishowmg a perfect matched filter 
ploys resistors, capacitors and inductive reactance ele- Wock diagram. It is undenrtood by tiiose skilled in tiie 
ments to provide a rather complex analog arrangement ^ °^ designmg filters tiiat a perfect matched filter does 
which has the same shortcomings as the mtegrate and 30 However, it is possible to mathematically 

dump circuit but may be implemented in the form of a determine a perfect matched filter output for compari- 
single filter. The lumped element filter is recognized as substitutes therefor. FIG. 1 shows a pwfect 

not bemg as accurate an estimate as the integrate and Q^^^^ filter 10 having an input 11 for receivmg an 
dump circuit is to a perfect rectangular matched filter analog waveform input, such as base band NRZ data, 
and also is basically an analog device whose frequency 35 ^^^^ ^ applied to a perfect integrator 12. The output 
is fixed according to the filter design. perfect integrator 12 on line 13 comprises the 

Another form of substitute for a perfect matehed u^tegral from a long passed time period to the present 
filter is a tap delay Ime which is basically a fixed rate "^P^ waveform on line 11. The integrated 

analog device whidi operates on the basic principle of stream on line 13 is applied to the positive mput of 

accumulating a plurality of delayed outputs from a tap 40 * summing circuit 14. The mtegrated data stream on line 
delay line. The summation of the delayed outputs pro- ^ ^ applied to a symbol time delay Ts which de- 
vides the matched filtered substitute output. lays the data stream one symbol time (T5). The delayed 

There is an unmet requirement fax a simple drcuit output on line 16 is applied to the negative input of 
smicture which operates over a broad range of frequen- summing cfrcuit 14 to produce a perfect matched filter 
des to provide a variable rate near perfect rectangular 45 output on line 17 which may be sampled at the end of 
matched filter output. each symbol or symbol time by a clock pulse (t) occur- 

SUMMARY OF rm TMvis^mrkw between symbols. The sampler 18 produces a us- 

2>UMMARy OF THE INVENTION able sample on line 19 indicative of the notched filtered 

It is a principal object of the present invention to input on line 11. The clock on line 21 is adapted to 
provide a variable rate matched filter, 50 idei^ the time threshold between the end of one sym- 

It IS anotiter principal object of the present invention bol and the start of the next symboL If the ideal or 
to provide a novel near perfect matched filter that is perfect rectangular matched filter 10 shown in phantom 
operable m a circuit environment m place of a perfect lines could be achieved by electronic circuitry there 
rectoigular matched filter. would no need for substitute circuits such as those used 

It IS another object of tiie present invention to pro- 55 in the prior art and identified as integrate and dump 
vide a variable rate near perfect rectangular matohed ckcuits, lumped element Altera and tapped delay lines. 

, - . liefer now to FIG, 2 showing a novel substitute for a 

u IS a gen^ object of the present invention to pro- perfect rectangular matched filter. The variable rate 
vide a near perfcrt matohed filter of tiie type which is near perfect rectangular matched filter 20 is shown 
U»s complicated than pnor art substitutes for matched 60 having the same analog waveform input at line 11 as 
fflters and provides amore accurate approximation of a tiiat employed in FIG. 1. The phase shift key data on 
III!2oK^ ^ ^''^ * ^ Wlied to a single pole low pass filter of the 

H K- ^ . . \^ * ^- Such filters are well 

in^Sf?w Objects of the present known in the prior art and may be implemented with a 

Sr^wbl^^ti^^ ^ P^«^t matched 65 single resistor and a capacitor for a passive fdter and 
to^« o T^"^ ""f"^*? "'^^ «°^P^°y ^ ^Plifi«^ active filter versions. The 

Sn^li^? 1 "P^ The output of tiie output of low pass filter 22 on line 23 is appUed to a 

smglepolelowpassfilteriscoupledtoasamplerandan sampler 24 which takes an analog sample of the input 
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signal at time t which is at the threshold between sym- at the same level as point 44 but these differences do not 
bol time T5. The analog output of sampler 24 on line 25 affect the mode of operation of the novel near perfect 
is applied to an analog to digital converter 26 to provide rectangular matched filter at the output, 
a digital output on line 27 which is applied to the posi- Refer now to FIG. 3E showing the waveform which 
tive input of a digital adder 28. The digital output on 5 would occur on output line 33 which would be seen if 
line 27 is also applied to a multiplier 29 which has a the sampler 24 was removed from the circuit. The pur- 
buffer register 31 that produces an output on line 32 pose of removing the sampler 24 from the circuit is to 
which is applied to the negative input of digital adder 28 provide a comparison between the matched filter 20 and 
to produce a sample of the matched filter 20 output on the perfect matched filter 10. The FIO. 3E output illus- 
line 33 which is here shown being applied to a utiliza- to trated at output line 33 from adder 28 is a very close 
tion device identified as a binary decision block which approximation of the perfect matched filter output 
identifies the sample as either a one or a zero at the time shown in FIG. 3C so if samples are taken at the transi- 
t which occurs between symbols. In order to synchro- tion points of the symbol times Ts we should be able to 
nize the matched filter 20, the input data stream 11 can make a binary determination with the same accuracy, or 
be applied to a symbol tracking loop 35 to produce a 15 approximately the same accuracy as the perfect 
clock signal (t) between symbol times T^on line 36. The matched filter which is sampUng almost the identical 
clocks or (t) time indicators on line 36 are appUed to the waveform after the summing circuit 14 shown in FIG. 
sampler 24 and to the multiplier 29 and the register 31 to 1. Thus, the binary value of the waveform taken at point 
obtain instantaneous samples at the threshold point 47 is indicative of a value having a binary one for the 
between symbols Ts without regard to direction of the 20 time period Ts preceding point 47 when the sample was 
waveform. For purposes of the application illustrated taken. In similar manner, the binary value of the time 
hereui, FIG. 2 represents a rectangular matched filter preceding the sampling times at points 48 and 49 may be 
whose response to a pulse input is a rectangular output. accurately determined to be bmary zero by interpreting 

For purposes of illustrating the operation of the pres- that the digital value of the waveform at points 48 and 

ent invention quasi perfect matched filter 20 versus the 23 49 is below the center reference value line 51. 

theoretical operation of a perfect matched filter 10, FIG. 3F indicates tune divisions for symbol times Ts 

refer now to FIG. 3 showing waveforms of the mputs which separate the critical points on the waveforms 

and outputs of FIGS. 1 and 2. FIG. 3A shows a typical shown in FIGS. 3A to 3E. The digital output or value 

NRZ (non return to zero) waveform of the type apphed shown below the time divisions T^ is the binaor deci- 

to-input line 11 of filtera 10 and 20. The binary values 30 sion, one or zero, made by block 34 to provide the 

zero and one are being applied at the transition pomts of usable data on ouipjit line 19 of FIO. 2. 

the symbol times (T5) for purposes of explaining the Having explained the waveforms which occur at the 

operation of the FIO. 1 and FIG. 2 circuits. Waveform mput and output of the perfect matched filter 10 and the 

FIG. 3B on line 13 assumes that the input data stream on modified or near perfect rectangular matched filter 20 it 

line 11 has been a long series of zeros before the pulse 35 win be understood that the binary decision may be 

waveform shown m FIO. 3 A is applied on Ime 11. Thus, made nearly as accurately with the embodunent of FIG. 

starting at time zero and at point 37, the waveform rises 2 as with the theoretical embodiment of FIG. 1. There 

for the first symbol or transition time Ts, then reverses is a degradation which occurs employing a single pole 

and starts downward linearally until a reversal or tran- low pass filter having a real time constant r because the 

sient point occurs at point 38 causing a reversal. The 40 perfect integrator 12 of filter 10 theoretically has a tune 

waveform rises until the data stream again reverses at constant of infinity. In the preferred embodiment of the 

point 39 and stops at point 41 in the present illustration. present invention* the time constant r of the single pole 

The FIG. 3B waveform occurs on line 13 as an mput to low pass filter 24 is preferably made to have a time 

the Mimtning citcuit 14. The output of the summing constant of greater than two times, up to ten times, the 

circuit on Ike 17 is shown in FIO. 3C. The sampling 45 symbol period Ts to achieve the approximations and 

points are taken at time t mtervals which are shown values to be illustrated heidnafter. 

marked with the bmary data zero or one information. The k value employed in the mut^lier 29 to account 

When the analog waveform 42 shown m FIO. 3C is for the degradation of the signal output from filter 22 

sampled at the critical threshold points between sym- . can be determined accurately from the waveform dis- 

bols, the voltage sample will be ideally above or below 50 cussed hereinafter. Refer now to FIG. 4 showing the 

the center or normal line 43, thus, identifying the binary degradation m decibels versus thie ratio r/Ts which is 

magnitude of the data at the sample points as shown. the ratio of the time constant of the filter 22 divided by 

The input data stream 11 wiU also contain white Gauss- the symbol time T5. Preferably, the ratio r/Ts is made 

ian noise and interference signal waveforms present greater than three and in the preferred ratio range 

with the data signal which may be of sufficient voltage 55 shown in FIG. 4. Curve 54 shows that if the best value 

magnitude to shift the points of interest beyond the of k which is equal to e-^/r is used in multiplier 29, 

center line 43 and cause bit errors. the degradation in decibel falls faster with a lower ratio 

Refer now to FIG. 3D showing the output waveform of r/Ts thm if the ratio k b made a fixed value of 0,75 
from single pole low pass filter 22 as a result of the input as shown in curve 55. In either event, if the design ratio 
analog waveform on line 11 shown in FIG. 3 A. It will 60 of r/tsis made greater than three the degradation wave- 
be noted that the excursions between points of interest forms 54 and 55 are well below 0.2 decibels. However, 
on the curve are no longer linear but have slight devia- the degradation in decibels of waveform 55 begins to 
tions from the perfect linearity shown in FIG. 3B. Out- rise above 0.2 decibel at somewhere around a ratio of six 
put from fnter 22 at point 44 is shown slightly above the to seven indicating that it is best to employ a ratio be- 
starting point 45 which was forced to its lowest input 65 tween three and five for results which provide perfor- 
point because of the assumption of the preceding long mance extremely close to an uleal matched filter, 
string ofzeros otherwise point 44 woiild probably occur Having explained a preferred embodiment of the 
below point 45. It will be noted that point 46 is almost present mvention it is shown that digital filter 20 not 
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only performs very dose to an ideal or perfect matched dock means coupled to the input symbol data stream 

filter but also maintains this range of performance over for providing output clock sigiuls at said sampler 

a broad range of input frequencies of the input data. The means and at said filter correction means and for 

filter 20 is shown having a self-clocking or symbol adjusting the near p^fcct rectangular matched 

tracking loop 35 which changes the dock rate t when- ^ ^^^^ to variable input data rates, 

ever the input data rate changes on input line 11. The ^ variable rate filter as set forth in claim 1 wherein 

other factor necessary to maintain quassi perfect perfor* comprises a smgle pole low pass 
mance and slight degradation shown in FIG. 4 is to 

mamtain the ratb of r/Ts in a preferred range so that ^ variable rate filter as set forth in claim 1 wherehi 

the k factor in multipUer 29 maintained at the absolute symbol data stream comprises base band data, 

best near perfect rectangular matched filter according t , "^^^^ ^ ^rt^ ^ 1 wherein 

to the present invention. s«d clock means comprises a symbol tracking loop. 

In contrast thereto the prior art devices used to ap- fi,Z^i*i?J^ ^^^^ 

prorimate matched filterssuchaslumpedd^tmt^^ 15 ''''"^"^ ""^^^ 

Zt^X^t^ ^ ^"T*^ 6. AvariableratefilterassetforthinclaimS wherein 

^^IT^ ft'^'^'^ "'^^ considered to said digital multiplier is adapted to multiply the output 

be variable rate fflters. of said analog to digital converter means by predeter- 

what IS clauned is: mined fector k. 

1. A variable rate quasi perfect matched filter com- 20 7. A variable rate filter as set forth in claim 6 wherein 

Pi^g: said predetermined &ctor k is fixed. 

a low pass filtier coupled to a symbol data stream, 8. A variable rate filter as set forth in claim 7 wherein 

sampler means coupled to the output of said low pass ^ predetermined factor k is 0.7S. 

filter to provide samples of said symbol data stream ^ variable rate filter as set forth in claim 6 wherein 

at the end of each symbol time, ^ ^ predetermined factor k is equal to e- Ts is the 

analog to digital converter means coupled to the symbol data time period and r is the time constant of 

output of said sampler means to provide digital ^J^T^ 

data sample output signals, « variable rate low pass filter as set forth in claim 

filter correction means coupled to the output of said ^ ' V?®*?" '^^T,^ greater than two. 

analogtodigitalconvertermeansforcompensating ^ JLtx'T^^l?*® ^^'^ ^ 

for degradation to the signals of the ouZt^iSd ^^^l^lf 'T*. , • 

low filter uuvt^ui w baio 12. A variable rate filter as set forth in claim 2 which 

J5 „ . . * , J . . - . fiirthcr includes binary decision means counled to the 

« ^o^P^^ to the output of said output of said dig^adder means fo? inverting Se 

anatog o digital o^nverter means and to said filter 35 digi^ samples tZ digital data indicativT^tSriput 

correcuon means for providing matched filter out- symbol data stream. 

put signals, and • * * « « 
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